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(57) ABSTRACT 

A fuel cell is provided that has a sufficient sealing perfor 
mance While having a restrained dimension in the stacking 
direction thereof. The fuel cell is formed by stacking a 
plurality of fuel cell units, each fuel cell unit comprising: an 
electrode assembly formed by disposing electrodes on both 
sides of an electrolyte; a pair of separators that sandWich the 
electrode assembly in the thickness direction thereof; and 
gas sealing members that are disposed at an outer peripheral 
portion of the electrode assembly, and that seal respective 
reaction gas flow passages that are formed betWeen each 
separator and the electrode assembly and are bounded by the 
separators and electrode assembly. In each of the separators, 
there are provided reaction gas communication ports that are 
provided outWard from the gas sealing members, in one 
separator, through paths are formed that penetrate the sepa 
rator in the thickness direction thereof and connect the 
reaction gas communication ports With the reaction gas flow 
passages, and in the other separator, reaction gas commu 
nication paths are formed that detour around the gas sealing 
member in the thickness direction of the separator and 
connect the reaction gas communication ports With the 
reaction gas flow passages. 

8 Claims, 16 Drawing Sheets 
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FUEL CELL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fuel cell formed by 

stacking a plurality of fuel cell units that are formed by 
sandWiching an electrode assembly betWeen separators. 

2. Description of the Related Art 
Among fuel cell units, there is one type that is formed in 

a plate shape by sandWiching betWeen a pair of separators an 
electrode assembly that is formed by placing an anode 
electrode and a cathode electrode respectively on either side 
of a solid polymer electrolyte membrane. A fuel cell is 
formed by stacking in the thickness direction of the fuel cell 
units a plurality of fuel cell units that are structured in this 
Way. 

In each fuel cell unit there is provided a flow passage for 
fuel gas (for example, hydrogen) on the surface of the anode 
side separator that is positioned facing the anode electrode, 
and there is provided a flow passage for oxidiZing gas (for 
example, air that contains oxygen) on the surface of the 
cathode side separator that is positioned facing the cathode 
electrode. In addition, a flow passage for a cooling medium 
(for example, pure Water) is provided betWeen adjacent 
separators of adjacent fuel cell units. 
When fuel gas is supplied to the electrode reaction surface 

of the anode electrode, hydrogen is ioniZed here and moves 
to the cathode electrode via the solid polymer electrolyte 
membrane. Electrons generated during this reaction are 
extracted to an external circuit and used as direct current 
electrical energy. Because oxidiZing gas is supplied to the 
cathode electrode, hydrogen ions, electrons, and oxygen 
react to generate Water. Because heat is generated When 
Water is created at the electrode reaction surface, the elec 
trode reaction surface is cooled by a cooling medium made 
to flow between the separators. 

The fuel gas, oxidiZing gas (generically knoWn as reaction 
gas), and the cooling medium each need to flow through a 
separate flow passage. Therefore, sealing technology that 
keeps each flow passage sealed in a ?uid-tight or airtight 
condition is essential. 

Examples of portions that must be sealed are: the periph 
eries of supply ports that are formed so as to penetrate the 
separators in the thickness direction thereof in order to 
supply and distribute reaction gas and cooling medium to 
each fuel cell unit of the fuel cell; the peripheries of 
discharge ports that are formed so as to penetrate the 
separators in the thickness direction thereof in order to 
collect and discharge the reaction gas and cooling medium 
that are discharged from each fuel cell unit; the outer 
peripheries of the electrode assemblies; and the space 
betWeen the separators of adjacent fuel cell units. Organic 
rubber that is soft yet also has the appropriate resiliency or 
the like is employed as the material for the sealing member. 

FIG. 35 is a plan vieW shoWing a conventional fuel cell 
stack. In FIG. 35 the reference numeral 4 indicates a 
communication port such as a fuel gas supply port and 
discharge port, an oxidiZing gas supply port and discharge 
port, and a cooling medium supply port and discharge port 
that each penetrate the fuel cell stack 1 in the direction in 
Which separators 2 and 3 are stacked. The reference numeral 
5 indicates an area in Which a plurality of fuel gas flow 
passages, oxidiZing gas flow passages, and cooling medium 
?oW passages running along the separators 2 and 3 are 
formed. 
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FIG. 36 is a longitudinal cross-sectional vieW of a con 

ventional fuel cell stack 1 taken along the line X—X in FIG. 
36. As can be seen in plan vieW, in order to make the space 
occupied by the sealing member, that does not contribute to 
poWer generation, as small as possible, conventionally, by 
locating gas sealing members 8 and 9, Which respectively 
seal a fuel gas flow passage 6 and an oxidiZing gas flow 
passage 7, together With a cooling surface sealing member 
10, Which seals a cooling medium flow passage, aligned in 
a roW in the stacking direction of the fuel cell units 11, the 
outer dimensions in the stacking direction of the fuel cell 
stack 1 are minimiZed. 

According to FIG. 36, the fuel gas supply port 4 and the 
fuel gas flow passage 6 that are isolated in a sealed state by 
the gas sealing members 8 and 9 are connected by a 
communication path 12. The communication path 12 is 
provided so as to detour around, in the thickness direction of 
the separator 2, the gas sealing member 8 that seals the entire 
periphery of the fuel gas flow passage 6. More speci?cally, 
the communication path 12 is formed in such a Way that 
grooves are formed betWeen the fuel gas supply port 4 and 
fuel gas flow passage 6 of the separator 2, and a bridge plate 
13 is provided over the grooves. 

Moreover, the separator 3 also has a similar communica 
tion path (not shoWn) near the oxidiZing gas communication 
port (not shoWn). Such a structure is disclosed in Japanese 
Unexamined Patent Application, First Publication No. Hei 
10-74530. 

HoWever, because the bridge plate 13 is a separate ele 
ment that is installed on the separator 2 so as to be substan 
tially ?ush With the separator 2, a gap 14 is inevitable 
betWeen the separator 2 and bridge plate 13 at a connecting 
portion therebetWeen, as shoWn in FIG. 37 (the same 
description applies in the case of the separator 3). FIG. 37 is 
a longitudinal cross-sectional vieW, shoWing a conventional 
fuel cell stack 1, taken along the line Y—Y in FIG. 36. The 
draWback With this structure is that sealing performance may 
be lost if the gas sealing members 8 and 9 are deformed in 
the gap 14 When the gas sealing members 8 and 9 are 
attached onto the separators 2 and 3 and the bridge plate 13. 
Moreover, another draWback is that it is very difficult to 
form the gas sealing members 8 and 9 on the separators 2 
and 3 and the bridge plate 13, because the material of the gas 
sealing members 8 and 9 may leak through the gap 14. 
As disclosed in Japanese Unexamined Patent Application, 

First Publication No. 2001-148252 and US. Pat. No. 6,066, 
409, a technique in Which through holes are formed in a 
separator that penetrate in the thickness direction of the 
separator, and a reaction gas is made to flow into a gas flow 
passage via the through holes, has been proposed. HoWever, 
in such a structure, a problem is experienced in that, because 
reaction gas flow passages must be formed betWeen the 
adjacent separators not only on the front surface of the 
separator but also on the rear surface thereof in order to 
alloW the reaction gas to flow from the gas flow passage on 
the rear surface (cooling surface) to the gas flow passage on 
the front surface or vice versa, the thickness of the fuel cell 
units may be increased by the amount necessary to form 
these ?oW passages. 

Moreover, it is necessary to locate the cooling surface 
sealing member so as to be offset inWard (toWard a reaction 
surface) from the gas sealing member for ensuring a space 
to form the through paths in order to alloW the reaction gas 
to How in from the rear surface of the separator because the 
cooling surface sealing member that seals the cooling 
medium flow passage is provided on the rear surface of the 
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separator. As a result of locating the cooling surface sealing 
member so as to be offset from the gas sealing member, the 
cooling surface sealing member is located at a position 
overlapping, as vieWed in the stacking direction, With the 
reaction gas flow passage that is located inWard from the gas 
sealing member. In this case, the minimum thickness of the 
fuel cell unit equals to the sum of the thickness of the 
reaction gas flow passage and the thickness of the cooling 
surface sealing member. Moreover, if the through holes are 
provided not only on the separator adjacent to one electrode 
but also on the separator adjacent to the other electrode, the 
minimum thickness of the fuel cell is doubled. If a fuel cell 
stack is formed by stacking a plurality of such fuel cell units, 
the overall thickness of the fuel cell stack is found by 
multiplying the number of stacks by the minimum thickness 
of each fuel cell unit, Which makes it difficult to reduce the 
siZe of the fuel cell stack. 

SUMMARY OF THE INVENTION 

The present invention Was conceived in vieW of the above 
circumstances, and it is an object thereof to provide a fuel 
cell Whose dimension in the stacking direction is restrained 
While ensuring sealing performance, and in Which the seal 
ing performance may be further improved by forming the 
gas sealing member integrally With the separator. 

In order to solve the above problems, a ?rst aspect of the 
present invention provides a fuel cell formed by stacking a 
plurality of fuel cell units, each fuel cell unit comprising: an 
electrode assembly formed by disposing electrodes on both 
sides of an electrolyte; a pair of separators that sandWich the 
electrode assembly in the thickness direction thereof; and 
gas sealing members that are disposed at an outer peripheral 
portion of the electrode assembly, and that seal respective 
reaction gas flow passages that are formed betWeen each 
separator and the electrode assembly and are bounded by the 
separators and electrode assembly, Wherein, in each of the 
separators there are provided reaction gas communication 
ports that are provided outWard from the gas sealing 
members, Wherein, in one separator, through paths are 
formed that penetrate the separator in the thickness direction 
thereof and connect the reaction gas communication ports 
With the reaction gas flow passages, and in the other 
separator, reaction gas communication paths) are formed 
that detour around the gas sealing member in the thickness 
direction of the separator and connect the reaction gas 
communication ports With the reaction gas flow passages. 

According to the fuel cell as constructed above, in the one 
separator, because the reaction gas communication ports are 
connected With the reaction gas flow passages by the 
through paths, the reaction gas communication paths need 
not be formed therein. Therefore, because a gap accompa 
nied With the communication paths may not be formed on 
the front surface (the surface forming the reaction gas flow 
passage) of the separator, the portion, betWeen the reaction 
gas communication ports and reaction gas flow passage, 
Where the gas sealing member is formed can be made ?at. 
As a result, the leakage of the material of the gas sealing 
member during formation thereof can be prevented, the 
deformation of the gas sealing member can be prevented, the 
gas sealing member can be securely bonded to the prede 
termined position on the separator, and thus the sealing 
performance of the gas sealing member is improved. 
Moreover, the reaction gas flow passage can be sealed in a 
?uid tight state by making the gas sealing member formed 
on the one separator and the gas sealing member bonded to 
the electrolyte of the electrode assembly be pressed against 
the other separator. 
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In addition, in the other separator, the reaction gas need 

not flow along the rear surface (the surface to be cooled) of 
this separator because the reaction gas communication ports 
are connected With the reaction gas flow passage by the 
communication paths, accordingly, the cooling surface seal 
ing member need not be formed at a position overlapping, as 
vieWed in the stacking direction, With the reaction gas flow 
passage. As a result, by providing the cooling surface sealing 
member so as to be offset, as vieWed in the stacking 
direction, from the reaction gas flow passage, the dimen 
sions of the fuel cell units, consequently, the dimensions of 
the fuel cell stack in the stacking direction can be reduced by 
the amount saved by the above-mentioned offset disposition. 

Although the aforementioned gap is formed at a connect 
ing portion betWeen the other separator and the communi 
cation paths, the gap can be sealed by making the gas sealing 
member bonded to the one separator and to the electrolyte be 
pressed against the gap. 

In the fuel cell according to a second aspect of the present 
invention, the planar area of the electrode contacting the 
other separator is formed to be larger than that of the 
electrode contacting the one separator by an amount corre 
sponding to at least the Width of the gas sealing member. 

According to the fuel cell as constructed above, a portion 
of the electrolyte that eXtends out of the electrode (smaller 
electrode) contacting the one separator can be supported, in 
the thickness direction thereof, by the electrode (larger 
electrode) contacting the other separator. It is possible to 
bond the gas sealing member to the one separator so that the 
gas sealing member contacts the supported portion of the 
electrolyte. As a result, the gas sealing member can be 
pressed against the electrolyte While ensuring the strength of 
the electrolyte in the thickness direction thereof. 

If the supported portion is made of sealing material 
instead of a material for the electrode, the sealing perfor 
mance at the portion can be further improved. The planar 
area of the electrolyte may be formed larger than that of the 
larger electrode, or may be formed as large as that of the 
larger electrode. If the planar area of the electrolyte is larger 
than that of the larger electrode, the gas sealing member may 
be bonded to the peripheral portion of the electrolyte. 

In the fuel cell according to a third aspect of the present 
invention, the gas sealing member is provided such that the 
gas sealing member is bonded to the one separator and is 
pressed against the electrode assembly as Well as against the 
other separator. 

According to the fuel cell as constructed above, by 
making the gas sealing member be pressed against the 
electrode assembly, the leakage of the reaction gas from the 
space delimited by the electrode assembly can be prevented, 
and by making the gas sealing member be pressed against 
the other separator, the leakage of the reaction gas to the 
outside can also be prevented. 

In the fuel cell according to the present invention, a 
cooling medium flow passage for cooling the fuel cell units 
may be formed in every space betWeen the fuel cell units 
adjacent to each other. 

In the fuel cell according to the present invention, tWo or 
more fuel cell units may form a group of fuel cell units, and 
a cooling medium flow passage for cooling the fuel cell units 
may be formed in every space betWeen adjacent groups of 
fuel cell units. 

In the fuel cell according to the present invention, in the 
electrodes forming the electrode assembly, the planar area of 
one electrode may be formed as substantially the same siZe 
as that of the electrolyte. 
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In the fuel cell according to the present invention, the 
separators may be formed of metal plates by press forming. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective vieW schematically 
shoWing a fuel cell unit forming the fuel cell stack according 
to a ?rst embodiment of the present invention. 

FIG. 2 is a plan vieW shoWing an electrode assembly 
forming the fuel cell unit shoWn in FIG. 1. 

FIG. 3 is a plan vieW shoWing a separator adjacent to one 
electrode forming the fuel cell unit shoWn in FIG. 1. 

FIG. 4 is a plan vieW shoWing a separator adjacent to the 
other electrode forming the fuel cell unit shoWn in FIG. 1. 

FIG. 5 is a plan vieW shoWing the rear surface of the 
separator shoWn in FIG. 3. 

FIG. 6 is a plan vieW shoWing the rear surface of the 
separator shoWn in FIG. 4. 

FIG. 7 is a plan vieW shoWing a state in Which the gas 
sealing member is provided on the separator shoWn in FIG. 
3. 

FIG. 8 is a plan vieW shoWing a state in Which the gas 
sealing member is provided on the electrode assembly 
shoWn in FIG. 2. 

FIG. 9 is a plan vieW shoWing a state in Which the gas 
sealing member is provided on the separator shoWn in FIG. 
4. 

FIG. 10 is a plan vieW shoWing a state in Which the 
cooling surface sealing member is provided on the separator 
shoWn in FIG. 5. 

FIG. 11 is a plan vieW shoWing a state in Which the 
cooling surface sealing member is provided on the separator 
shoWn in FIG. 6. 

FIG. 12 is a longitudinal cross-sectional vieW, shoWing 
the fuel cell stack shoWn in FIG. 1, taken along the line 
A—A in FIG. 7. 

FIG. 13 is a longitudinal cross-sectional vieW, shoWing 
the fuel cell stack shoWn in FIG. 1, taken along the line 
B—B in FIG. 7. 

FIG. 14 is a longitudinal cross-sectional vieW, shoWing 
the fuel cell stack shoWn in FIG. 1, taken along the line 
C—C in FIG. 7. 

FIG. 15 is a longitudinal cross-sectional vieW shoWing a 
second embodiment of the present invention, corresponding 
to FIG. 12 shoWing the ?rst embodiment. 

FIG. 16 is a longitudinal cross-sectional vieW shoWing the 
second embodiment of the present invention, corresponding 
to FIG. 13 shoWing the ?rst embodiment. 

FIG. 17 is a longitudinal cross-sectional vieW shoWing a 
third embodiment of the present invention, corresponding to 
FIG. 12 shoWing the ?rst embodiment. 

FIG. 18 is a longitudinal cross-sectional vieW shoWing the 
third embodiment of the present invention, corresponding to 
FIG. 13 shoWing the ?rst embodiment. 

FIG. 19 is a longitudinal cross-sectional vieW shoWing a 
fourth embodiment of the present invention, corresponding 
to FIG. 12 shoWing the ?rst embodiment. 

FIG. 20 is a longitudinal cross-sectional vieW shoWing the 
fourth embodiment of the present invention, corresponding 
to FIG. 13 shoWing the ?rst embodiment. 

FIG. 21 is a longitudinal cross-sectional vieW shoWing a 
?fth embodiment of the present invention, corresponding to 
FIG. 12 shoWing the ?rst embodiment. 

FIG. 22 is a longitudinal cross-sectional vieW shoWing the 
?fth embodiment of the present invention, corresponding to 
FIG. 13 shoWing the ?rst embodiment. 
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FIG. 23 is a longitudinal cross-sectional vieW shoWing a 

siXth embodiment of the present invention, corresponding to 
FIG. 12 shoWing the ?rst embodiment. 

FIG. 24 is a longitudinal cross-sectional vieW-shoWing 
the siXth embodiment of the present invention, correspond 
ing to FIG. 13 shoWing the ?rst embodiment. 

FIG. 25 is a longitudinal cross-sectional vieW shoWing a 
seventh embodiment of the present invention, corresponding 
to FIG. 12 shoWing the ?rst embodiment. 

FIG. 26 is a longitudinal cross-sectional vieW shoWing the 
seventh embodiment of the present invention, corresponding 
to FIG. 13 shoWing the ?rst embodiment. 

FIG. 27 is a longitudinal cross-sectional vieW shoWing an 
eighth embodiment of the present invention, corresponding 
to FIG. 12 shoWing the ?rst embodiment. 

FIG. 28 is a longitudinal cross-sectional vieW shoWing the 
eighth embodiment of the present invention, corresponding 
to FIG. 13 shoWing the ?rst embodiment. 

FIG. 29 is a longitudinal cross-sectional vieW shoWing a 
ninth embodiment of the present invention, corresponding to 
FIG. 12 shoWing the ?rst embodiment. 

FIG. 30 is a longitudinal cross-sectional vieW shoWing the 
ninth embodiment of the present invention, corresponding to 
FIG. 13 shoWing the ?rst embodiment. 

FIG. 31 is a longitudinal cross-sectional vieW shoWing a 
tenth embodiment of the present invention, corresponding to 
FIG. 12 shoWing the ?rst embodiment. 

FIG. 32 is a longitudinal cross-sectional vieW shoWing the 
tenth embodiment of the present invention, corresponding to 
FIG. 13 shoWing the ?rst embodiment. 

FIG. 33 is a longitudinal cross-sectional vieW shoWing an 
eleventh embodiment of the present invention, correspond 
ing to FIG. 12 shoWing the ?rst embodiment. 

FIG. 34 is a longitudinal cross-sectional vieW shoWing the 
eleventh embodiment of the present invention, correspond 
ing to FIG. 13 shoWing the ?rst embodiment. 

FIG. 35 is a plan vieW schematically shoWing a fuel cell 
unit in a conventional fuel cell stack. 

FIG. 36 is a longitudinal cross-sectional vieW, shoWing 
the vicinity of a fuel gas supply port in the fuel cell stack 
shoWn in FIG. 35, taken along the line X—X. 

FIG. 37 is a longitudinal cross-sectional vieW, shoWing 
the major portion of the vicinity of the fuel gas supply port 
in the fuel cell stack shoWn in FIG. 36, taken along the line 
Y—Y. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The fuel cell stack according to an embodiment of the 
present invention Will noW be described in detail With 
reference to the draWings. 
As shoWn in FIG. 12, the fuel cell stack 20 according to 

the present embodiment is formed by stacking a plurality of 
fuel cell units 21. As shoWn in FIG. 1, the fuel cell unit 21 
is formed by sandWiching an electrode assembly 22 betWeen 
a pair of separators 23 and 24. BetWeen the electrode 
assembly 22 and each of the separators 23 and 24 are 
disposed respectively gas sealing members 25 and 26. As 
shoWn in FIGS. 12 and 13, these gas sealing members 25 
and 26 delimit a fuel gas ?oW passage 27 and an oXidiZing 
gas ?oW passage 28 so as to seal them on either side of the 
electrode assembly 22. 
As shoWn in FIGS. 2 and 12, the electrode assembly 22 

has, for example, a solid polymer electrolyte membrane 29 












